As a lightweight metal with mechanical properties similar to natural bone, magnesium-based material has been gaining wide popularity. However, the applications are seriously limited due to the excessively rapid degradation rate in the physiological environment, causing the magnesium to degrade faster than the complete rehabilitation of the bone itself. Grain refinement approach is currently the selected approach to obtain a lower degradation rate without adding other element that might be harmful to human body. This paper studies the possibility of reducing biodegradation rate of a biodegradable through reviewing various studies on grain refinement through hot deformation and rapid solidification.
INTRODUCTION
Today, more than 200 years after the first production of metallic magnesium by Sir Humphry Davy in 1808, as a lightweight metal with mechanical properties similar to natural bone, magnesium-based materials as potential candidates for degradable temporary implants have been gaining wide popularity (Witte, 2015 , Staiger et al., 2006 .
The dominant reason is because of their mechanical properties which are close to that of natural bone compared to other metals, their good biocompatibility, nontoxicity and biodegradability (Staiger et al., 2006 , Witte, 2015 , Henderson et al., 2014 , Chaya et al., 2015 , Witte et al., 2008 . Many new magnesium alloys and composites have been produced and evaluated for biomaterial applications (Mueller et al., 2010 , Hermawan, Sunil et al., 2014a , Sunil et al., 2014b , Kirkland and Birbilis, 2014 , Keim et al., 2011 . However, the applications are seriously limited due to the excessively rapid degradation rate in the physiological environment (Staiger et al., 2006 , Mueller et al., 2010 , Keim et al., 2011 , Witte et al., 2006 , Wang et al., 2008 (Jinfeng et al., 2014 , Zakiyuddin et al., 2014 , Gao et al., 2011 , Wang et al., 2010 . Furthermore, rapid solidification is another effective way to refine the microstructures of Mg alloys (Wang et al., 2010 , Willbold et al., 2013 , Liao et al., 2012 .
Since the late 1930s, a number of approaches have been developed to obtain grain refinement in magnesium alloys that contain aluminum. These are briefly summarized as hot plastic deformation and rapid solidification. Hot plastic deformation is a useful method to refine grains and obtain a homogeneous microstructure. A fine microstructure can often be achieved by common deformation, such as single extrusion (SE) and rolling (Jinfeng et al., 2014 , Zakiyuddin et al., 2014 . Moreover, when Gao et al. (2011) studied the corrosion behavior of the Mg-Zn-Ca alloy in SBF using an HPT process, they found that the second phase has been refined to nano-sized particles and distributed homogeneously in the interior of α-Mg grains. As a result, the alloy shows a uniform corrosion mode, indicating that severe plastic deformation is also useful for improving the corrosion mode of Mg alloys.
Rapid solidification has been shown to refine the microstructure of Mg alloys due to the increased solidification rate (Wang et al., 2010 , Willbold et al., 2013 . The corrosion resistance is also enhanced by rapid solidification because of grain refinement and fine dispersion of the quasi-crystals and intermetallic compounds in the α-Mg matrix. Liao, et. al. (Liao et al., 2012) 
METHODS
a) The experiment studying electrochemical performance of AZ31 magnesium alloy under different processing As This experiment was conducted by Jinfeng, D. et. al. (Jinfeng et al., 2014 ( 1) Where J is free corrosion rate, mA/cm2; m0 is initial mass and m1 is accurate mass of samples after self-corrosion test, mg; t is for time, s; S is area, cm2. Electrochemical impedance spectroscopy (EIS) was measured in the frequency range of 10-1~105 Hz.
b) The experiment studying of homogeneous corrosion of high-pressure torsion treated
Mg-Zn-Ca alloy in simulated body fluid Gao et. al. (Gao et al., 2011) experimented using the alloy with a chemical b) The experiment studying of homogeneous corrosion of high-pressure torsion treated
Mg-Zn-Ca alloy in simulated body fluid There is great potential for the use of these grain refinement methods for further application in medical field.
